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FOREWORD 

Within NASA, the Office of Aeronautics and Space Technology (OAST) has the 

responsibility for timely development of needed new technologies. Traditionally, the 

development of new concepts, new materials, designs, and engineering techniques for 

aeronautics has been accomplished in close cooperation with the aircraft industry and 

with the great American universities. On the other hand, NASA, as the primary user of 

space flight, has been its own principal customer for new space technologies. 

. 

A new era of permanent presence in space is beginning with the Space Station. 

This permanent presence will permit and promote commercial ventures and privately 

funded research in the tradition of university/industry cooperation. 

The RT&E workshop in Williamsburg represents a significant milestone for 

NASA and the space engineering community. It marked the initiation of a long-term 

program of outreach by NASA to focus the needs of universities, industry, and 

government for in-space experiments and to begin building a strong national user 

constituency for space research and engineering. 

These proceedings represent a "first-cut" planning activity to involve universities, 

industry, and other government agencies with NASA to establish structure and content 

for a national in-space RT&E program. More interactions are needed - more workshops 

will follow. Program adjustments will be made. A truly national program will evolve, 

and its beginnings are presented here with the hope and determination needed to make it 

a program we can all take pride in. 

- Raymond Colladay 



INTRODUCTION 

Among the purposes of the Research, Engineering, and Technology Workshop, an 

interest in validating the RT&E theme concept has some direct effect on the form of 

these proceedings. The original five themes, which were themselves a target for 

validation or recommeded changes, have become seven. During preparations for the 

workshop, the submitted papers and attendance plans made it evident that the fifth 

"theme", In-space Operations, was too broad, and would need to be split. As the 

workshop got underway, a further split occurred, brought about by the different levels 

of maturity, and needs for technology planning in several sub-disciplines. Thus, these 

proceedings are presented under seven themes. The volume of presentations, and the 

quantity of information generated by the individual panel summaries has led to the 

decision to prepare the proceedings in several volumes. 

The first volume is an executive summary and includes the summary presentations made 

by the panel co-chairmen in the final plenary session. The accompanying seven volumes, 

of which this is one, each represent a specific "theme", and include the un-edited 

original presentation material used in that particular panel workshop. Each of these 

separate "theme" volumes also include the Foreword, the general Summary and 

Conclusions, and the Chairman's presentation charts and narrative summary. Thus, each 

should represent a self-standing volume to reflect the proceedings relevant to its 

respective Panel deliberations and output, as well as the reflection in the general 

Workshop results. 

2 



WORKSHOP THEME 

Automation and Robotics 

--Mobility 

--Dextrous Manipulation 

--Supervised/Autonomous Robots 

--Advanced Concepts 
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SUMMARY AND CONCLUSIONS 

NASA’s In-Space Research, Technology, and Engineering (RT&E) Workshop 

brought together representatives of the university community, private sector, and 

government agencies to discuss future needs for in-space experiments in support of 

space technology development and the derivative requirements for space station facilities 

to support in-space RT&E. 

The workshop provided an excellent forum for establishing an interactive process 

for building a national in-space experiments program. It enabled NASA to present to 

the user community (university and private sector) experiment concepts for NASA’s 

technology development activities in support of future space missions. The meetings also 

began a process by which industry and university researchers will be able to bring their 

own TDM requirements to NASA’s planning process. 

This conference reached three primary goals: first, it expanded and validated 

NASA’s in-space experiment theme areas, including Space Structure (Dynamics and 

Control), Space Environmental Effects, Fluids Management, Energy Systems and 

Thermal Management, Automation and Robotics, Information Systems and In-Space 

Operations; second, it began the development of a user community network which will 

interface with NASA throughout the lifetime of the in-space experiment program; and 

third, it formed the basis for the establishment of on-going working groups which will 

continue to interest and coordinate requirements for in-space RT&E activities. 

As an adjunct to the conference, NASA/OAST announced plans to initiate a 

long-term program to encourage and support industry and university experiments. 

NASA’s modest investment in this program is initially targeted for generating experiment 
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ideas and concepts. It is anticipated that this base of concepts will lead to cooperatively 

funded experiments between NASA, industry, and academia and thereby, begin to build 

an active in-space RT&E program. 

Several key points emerged from this conference regarding the adequacy of the 

TDM data base that should be addressed in future planning activities. First, many of 

the experiments could be performed on the ground, i.e., they do not justify a space 

experiment. Secondly, many of the experiments address near- term or current 

applications and do not take into account advanced system requirements. The TDM data 

base must look beyond extensions of current programs to reflect future needs and trends 

to have an effective and useful impact on space station planning and design. This will 

require increased input from industry and university researchers and engineers. 

In order to address these concerns, it is imperative that a long-range planning 

view be taken in which industry and university researchers help NASA derive the 

technology development program. The following recommendations have been developed 

on the basis of the workshop: 

1. Development of an on-going RT&E university and industry advisory group; 

2. Continuation of in-space RT&E symposia to act both as outreach mechanisms 

and as working sessions to refine the TDM data base; 

3. Development of an RT&E information clearinghouse; 

4. Development and continuation of the new experiments outreach activity 

announced at the RT&E workshop; 

5. Development of an "impacts assessment group" which will focus its energy on 

identifying experiment accommodation requirements to impact the design of 

in-space facilities, Le., space station and others. 

5 



If carried out, these recommendations constitute movement toward development 

of an effective NASA/industry/university partnership in a National In-Space RT&E 

Program. This will also enable NASA/OAST to have an effective voice in space station 

planning, which is essential toward the success of a future in-space activities. The 

workshop, by promoting the process of NASA/industry/university interactions and by 

pointing out concerns with the developing TDM data base has provided an important 

first step towards a successful long-term space technology development effort. 

6 
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AUTOMATION AND ROBOTICS 
SUMMARY 

Lee Holcomb 

The Automation and Robotics panel recommended an evolutionary set of in-space 

robotic capabilities be developed starting with rendezvous and docking (1988), simple 

satellite servicing (1990), structural assembly (1992), and robotic assistants for IVA 

(1996), and EVA (2000) operations. During this time frame the nature of robotic 

capability will evolve from telepresense to supervisory control and ultimately to 

autonomous operations. The panel felt that in-space related experiments were essential; 

however, they felt most AI-based systems autonomy capabilities could be demonstrated 

on the ground. 

In-space robotic experiments are needed to evaluate our analytical predictions of zero-G 

dynamics of mechanical equipment. The result of in-space experimentation would be a 

design/operational database on telerobotic capability. Experimentation would provided 

evaluation of the man/machine performance on-orbit and validation of protoflight 

hardware/software. 

A series of experiments were proposed dealing with mobility, dextrous manipulation, 

supervised/autonomous operation, and evaluation of the manlmachine interface. A 

potential list of experiments was recommended. The attached briefing package lists the 

experiments proposed and the critical technologies to be evaluated. 

A number of accommodation issues were raised. The first and most pressing is the 

development of "robot friendly" interface for servicing, assembly, and docking. In 

addition, a "standard1' set of utilities need to be defined for interface to mobility systems 

(RMS, MRMS, OMV, OTV, etc.). A key accommodation issues are the safety 

constraints for in-space robotic experiments will press beyond current plans for onboard 

computing and data storage capabilities. 
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ACCO~ODATlON REQUlREHENTS 

OEX ADVANCED AUTOPILOT EXPER 1 HENT T I TLE : 

Phase I 1985 
PROPOSED FLIGHT DATE - ,1990 YEAR 

OPERATIONAL DAYS REQUIRED - l f f l i g h t  
Phase I - 0 

HASS - Subsequent TBD KC 

VOLUME: 

STORED Y -  X I .  x H  I H3 

DEPLOYED U x t  w H  t H3 

INTERNALLY ATTACHED Yes , ( .YES/NO) 
EXTERNALLY ATTCHED (YES/NO) 
FORHATION FLYING ves  (YES/NO) ( t a r g e t )  

ORIENTATION (inertial, solar, earth, other) various 

EXTRA-VEHICULAR ACTfVlTY REQUIRED: 

0 Hra/Day 0 No. of days. 

INTRA-VEHICULAR ACTIVSTY REQUIRED: 

tbd  Hrs/Day 1 No, o t  day8 

POWER REQUSRED; 

KU AC or DC (circle one) 

~ Hro/Day No. of days 

DATA RATE1 tbd  t legabi ts / second 

DATA STORAGE: Gigabits -- 

23 
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PROPOSED FLIGHT DATE - 1990 YEAR 

OPERATIONAL DAYS REQUIRED - 
MASS- ZOO KG 

VOLUME: 

STORED: W l l 3  M X L  1 , 3  1 x H  I l 3  M = 7.7 M3 

DEPLOYED: W X L  x H  31 M3 

INTERNALLY ATTACHED YES (YES/NO) 
EXTERNALLY ATTACHED (YES/ NO) 
FORMATION FLYING e (YES/ NO) 

ORIENTATION (inertial, solar, earth, other) N/A 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: N/A Hn/Day N/A No. of days 

OPERATIONS N/A Hrs/Day N/A No. of days N/A Interval 

SERVICING: N/A Hrs/Day N/A No. of days N/d Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: , 1  "Day No. of days 

OPERATIONS 2 Hn/Day 1. No. of days Interval 

SERVICING -1. Hn/Day 1. No. of days Interval 

?OWER REQUIRED 

1 KW AC or DC (circle one) 

7 Hrs/Day 1 No. of days 

- 

DATA RATE: f; Megabits/second 

DATA STORAGE: 77 Gigabits 
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ACCOMMODATION REQUIREMENTS 

EXPERIMENT TITLE: 

PRINCIPAL INVSTIGATOR(S) : 

ADDRESS: BUILDING 1 9 8  ROOM 326 

TDMX 2461 - TELEOPERATED STRUCTURES ASSEMBLY 

RAYMOND WOO/DR. NEVILLE MARZWELL 

PROPOSED FLIGHT DATE 1992 YEAR( s 1 

OPERATIONAL DAYS REQUIRED 2 1  (PER YEAR) 

MASS 2175. KG 

VOLUME : 25.5 2 
STORED W 3 .  X L  5. x H 1 .7  2 5 . 5  n3 

2 . 5  X L  3 .  x H 4 .  e 30.0 n3 DEPLOYED W 

INTERNALLY ATTACHED N@ (YES/NO) 
EXTERPiALLY ATTACHED YES (YES/NO)  
FORMATION FLYING NO (YES/NO) 

ORIENTATION ( i n e r t i a l ,  s o l a r ,  e a r t h ,  

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 2 Hrs/Day 

OPERATIONS : Hrs/Day 

SERVICING: 4 -Hrs'/Day 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 2 Hrs/Day 

OPERATIONS : 9 Hrs/Day 

SERV I C I N G  : Hrs/Day 

- 

o t h e r )  

1 No. of days.  

No. of d a y s .  

2 N o .  of days:' 

1 No. of d a y s .  

7 No. of d a y s .  

No. of d a y s .  

POWER REQUIRED : 

1.0 KW AC o r @ ( c i r c l e  one) 

9 Hrs/Day 2 1  No. of days 

DATA RATE: . 09  M e g a b i t s l s e c o n d  

I n t e r v a l  

30 In te rva l  

30 I n t e r v a l  

I n  t erva 1 

DATA STORAGE: .6 j0 G i g a b i t s  
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ACCOMMODATION REQUIREPiENTS 

EXPERIMENT TITLE: TllMS 2462 - DEXTEROUS T F ~  

PRINCIPAL INVSTIGATOR(S) : RAYMOND WOO/DR. NEV-T. 

ADDRESS: BUILDING 1 9 8  ROOM 326 

PROPOSED FLIGHT DATE 1992 YEAR(S) 

OPERATIONAL DAYS REQUIRED 60 (PER YEAR) 

M S S  1975.  KG 

V O L W :  1 3 . 5  I? 

STORED W 2 X L  2 . 7  x H 2 . 5  = 1 3 . 5  M3 

DEPLOY ED W 2 X L  4 x H  2 = 16.0 M3 

INTERNALLY ATTACHED kn (YES/NO> 
EXTERNALLY ATTACHED YES (YES/NO) 
FORMATION FLYING NO (YES/NO) 

ORIENTATION ( i n e r t i a l ,  s o l a r ,  e a r t h ,  o t h e r )  

EXTRA-VEHICULAR ACTIVITY R E Q U I R E D :  

- 

SET-UP : 8 Hrs/Day 1 No. of d a y s .  

OPERATIONS: Hrs /Day No. of d a y s .  I n t e r v a l  - 
SERVICING: L -Hrs]Day 3 No. of days'; 3 I n t e r v a l  

INTU-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 2 Hrs f Day 1 No. of d a y s .  

OPERATIONS: 8 Hrs/Day 10 No. of  d a y s .  30 I n t  e r v a  1 

SERVICING : H r  s /Da y No. of d a y s .  I n t  e r v a  1 

POWER REQUIRED: 

1 . 2  KW AC o r  DC ( c i r c l e  o n e )  

4 HrsIDay 60 No. of d a y s  

DATA RATE: . 090  M e g a b i t s / s e c o n d  

DATA STORAGE: .650 G i g a b i t s  
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ASTROMETRIC TELESCOPE FACILITY 
AUTONOMOUS OPERATION 

IN-SPACE RT&E WORKSHOP 

8-10 OCTOBER 1985 

WILLIAMSWRG. VA 

KENJI NlSHlOKA 

A M E S  RESEARCH CENTER 

MOFFETT FIELD. CA 94035 
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EXPERIMENT OBJECTIVE: 
Identify the requirements placed on the space station for the successful 
autonomous operation of the Astrometric Telescope Faci l i ty  (ATF) on the 
space station and provide input t o  the space station program. In order t o  
realize this primary objective. several key secondary objectives need t o  be 
realized, and they include the following: 1) Identification and definition of the 
key space station parameters that impact ATF autonomous operations; 2) 
Identification of bounds for the expected amplitudes and frequencies of the 
dynamic disturbances on the space station f rom station operations (station 
and payloads operations); 3) Definition of control algorithms that  could be 
used for actively compensating for these disturbances by the ATF; 4) 
Identification of the format in which the key parameters w i l l  be provided by 
the space station t o  the ATF control algorithms for autonomous operations. 
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EXPER IMENT DESCRIPTION: 

The Astrometric Telescope Faci l i ty (ATF) w i l l  be a longlife (10-20 years) 
Space Station payload and is expected to operate nearly continuously over this 
period making repeated observations of selected target stars to  obtain star 
motion information so that stars wi th  planetary systems can be identified. 
Approximately 100 stars w i l l  be observed wer the experiment l i fe. Because 
of the length and repetitive observations required in this program. automated 
or autonomous operations is a necessity t o  realize efficiency in operations and 
reasonable l i fet ime operations costs. 

Orbital operations w i l l  be worked out on the ground and loaded into the ATF 
control computer. This procedure wi l l  be adequate i f  the space station was 
quiescent. but unfortunately there are dynamic oscillations due t o  other 
payloads and station activities. Some of these disturbances w i l l  be known 
because they w i l l  be scheduled activities and could be accounted for in the 
operations procedures but unfortunately there w i l l  be disturbances occurring 
randomly and the levels and frequencies of  these disturbance w i l l  not be 
known. There are several ways in which the ATF could compensate fw these 
dynamic disturbances, one approach w w l d  be t o  provide a passive vibration 
isolation mount for the ATF, a second would be t o  actively control motions of 
the mount or the telescope i tself to compensate for the dynamic motions and 
a third could be active motion compensation of the image at  the focal plane. 
In order t o  do the active compensation autonomously. the space station's 
disturbance parameters must be identified so that the control requirements 
can be defined and control algorithms developed. This study in FY 86 (if 
funded ) w i l l  begin defining the requirements t o  make this process feasible by 
examking the ATFISpace Station interaction problem for the ATF by 
identifying and analysing the space station disturbances parametrically. The 
work w i l l  be continued in fiscal years 1987 through 1989 where the results of 
this FY 86 study w i l l  be used t o  develop design concepts for the hardware and 
software that w i l l  provide autonomous operation capability for the ATF on 
the Space Station. 

The results from these studies w i l l  be specific t o  the ATF but the results 
should prove useful t o  other space station payloads interested in autonomous 
operation for lower operations costs. 
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EXPERIMENT TITLE: Astrometric Telescope Facility - Autonomous Operation 

PROPOSED FLIGHT DATE - 1994 YEAR 

OPERATIONAL DAYS REQUIRED - 
MASS - 3500 KG 

VOLUME: 

3650 - 7300 

3 STORED: W 4.5 m - D I A x  L 17 .5  m x H 4 . 5  m - D I A  = 378 31 

DEPLOYED: W 4 m - D I A  x L 17 m x H 5  m* I ?li hlj 

INTERNALLY AlTACHED NO (YES/NO) * Mounting base height see fiqure 
EXTERNALLY ATTACHED YES (YEWNO) 
FORMATION FLYING NO (YES/NO) 

ORIENTATION (inertial, solar, earth. other) Inertial 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP TAD Hrs/Day No. of days 

OPERATIONS: TBD Hrs/Day No. of days Interval 

SERVICING: TBD Hrs/Day No. of d3ys Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: TBD Hrs/Day No. of days 

OPERATIONS: 1 Hrs/Day No. of 3ays Interval 

SERVICING: TRT) Hrs/Day No. of a y s  Interval 

POWER REQUIRED: 

2.5  KW AC or DC (circle one) 

24 Hrs/Day 7300 No. of days 

DATA RATE: 3 Megabits/second 

DATA STORAGE: 2 Gigabits 
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OBJECTIVES: The ob jec t ives  are  t o  develop a space q u a l i f i e d  robot  conta in ing  
both a r t i f i c i a l  i n t e l l i g e n c e  and te le robo t l cs  c a p a b l l l t y  w i th  advanced sensors 
and manipulators. By cont ro l  and supervision of l i f e  sciencs experiments and 
the  u t l l l z a t i o n  of  a r t l f l c l a l l y  i n t e l l i g e n t  automation, t he  robot  w i l l  be 
designed t o  minimlze crew labor requirements f o r  support ing these experiments. 
The robot  w i l l  be demonstrated and tested i n  space v i a  a Shu t t l e  f l i g h t .  

Throughout the experiment, emphasis w i l l  a l so  be placed on the  design o f  
equipment compatible w i th  the robot  t o  minimize cost  3nd maximize s i m p l i c i t y .  

EXPERIVENT DESCRIPTION: The major components under study as shown i n  the  
enclosed block diagram are: 

1 .  Robot w i th  Man ipu la to r (s )  
2.  Robot Control l e r  
3. Attached and Fixed Sensors 
4 .  Image/Sensor Processor 
5 .  Expert System f o r  Experiment (Operation) Control 
6. Expert System f o r  Observing @@Technician@@ 
7. Expert System fo r  Process/Procedure Diagnosis 
8 .  Comnunications Con t ro l l e r  w i th  External Gateway 

Components 1 through 4 and 8 are physical u n i t s  along wi th  software, wh i le  
components 5 ,  6, and 7 are software u n i t s  b u t  may requ i re  a separate processor 
t o  prov ide for t h e i r  execution. 

The robot, using i t s  m o b i l i t y  which i s  provided e i t h e r  by r a i l s  or te lescoping 
@*legs*’, can pos i t i on  i t s e l f  In  t h e  v i c i n i t y  o f  a se rv i c ing  area or t e s t  chamber. 
I t  then, by viewing the  scene along w i th  mult isensor Inputs, makes decisions as 
t u r e q u i r e d  services/processes t o  be conducted. The "technician" *- ES takes notes 
and repo r t s  on progress wh-i le the  other  ES’s plan, execute, and s e l f  diagnosis 
the  appropriate operation. One o f  the  simplest operations I s  the removal and/or 
replacement of modules w i th  subsequent d ispos i ton of  the  removed u n i t  (perhaps 
it now I s  ready fo r  s t a b i l i z a t i o n  and r e t u r n  t o  ear th ) .  Simultaneous w i th  t h i s  
operation, continuous f u l l  t ime moni tor ing v i a  remote sensors (o r  f i x e d  images) 
I s  conducted and the necessary e lec t ron i c  comnands can be sent t o  experiments 2s 
needed. 
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EXPERIMENT TITLE: Robot for Scienc Laboratories 

PROPOSED FLIGHT DATE - 1 9  89 YEAR 

OPERATIONAL DAYS REQUIRED - 
MASS - 125 KG 

VOLUME: 

STORED: w 2  X L  2 x H  1 3 4 M j  

DEPLOYED: W X L  x H  - - M3 

INTERNALLY ATTACHED Yes (YES/NO) 
EXTERNALLY ATTACHED (YES/ N 0) 
FORMATION FLYING (Y ES/NO) 

ORIENTATION (inertial, solar, earth, other) 

EXTRA-VEHICULAR ACTIVITY REQUIRED. 

SET-UP. Hrs/Day No. of days 

OPERATIONS: Hrs/Day No. of days Interval 

SERVICING: Hrs/Day No. of days Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED 

SET-UP: Hrs/Day No. of days 

OPERATIONS/ -- 1- 2- Hrs/Day NO. of Bays Interval 
(may be ground monitoring) 

SERVICING: 

POWER REQUIRED 

- 
Hrs/Day No. of days Interval 

0.1 avq. KW 
2 4  

AC o r @ ( c i r c l e  one) ( .2 KW peak) 

Hrs/Day No. of days 

DATA RATE: 1 Megabits/second 

DATA STORAGE: Gigabits 
Significant on-board storage is required within the robot system, 
however, little external storage is required - l O O K  bytes for 
statis/ops summary. 
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ACCOMMODATION REQUIREMENTS 

EXPERIMENT TITLE: - s-0~ 

PRINCIPAL INVSTIGATOR(S) : 

ADDRESS: BUILDING 198 ROOM 32 6 

RAYMOND WOOIDR. NEVILLE -7, 

PROPOSED FLIGHT DATE 1997 Y W ( S )  

OPERATIONAL DAYS R E Q U I R E D  60 (PER YEAR) 

M S S  2000. KG 

VOLUME : 14.0 ?? 
STORED W 3 . 5  x L 2 x H  2 = 1 4 . 0  H3 

DEPLOYED W 2 . 5  X L  2 x H  3 = 15.0 I43 

INTERNALLY ATTACHED NO (YES/NO) 
EXTEMALLY ATTACHED NO (YES/NO 1 
FORMATION FLYING NO (YES/NO) 

ORIENTATION ( i n e r t i a l ,  s o l a r ,  e a r t h ,  

EXTRA-VEHICULAR ACTIVITY R E Q U I R E D :  

SET-UP : 8 H r  s /Day 

OPERATIONS : Hrs/Day 

SE RV I C I_NG : 4 H r  s /Day 

INTRA-VEHICULAR A C T I V I T Y  REQUIRED : 

SET-UP : 2 Hrs/Day 

OPERATIONS : 8 H r  s /Day 

SERVICING : HrsIDay 

o t h e r )  

1 No. of d a y s .  

No. of d a y s .  

No. of d a y s .  
*- 

2 

.- 
1 No. of d a y s .  

15  No. of  d a y s .  

No. of d a y s .  

POWER REQUIRED: 

1 .0  KW AC or  DC c i r c l e  o n e )  0 

I n  t e r v a  1 

30 ~ I n t e r v a l  

30 I n t e r v a l  

I n t e r v a l  

8 HrsIDay 60 No. of d a y s  

DATA RATE: -090 H e g a b i t s / s e c o n d  

DATA STORAGE : -650 G i g a b i t s  
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ACCOM4ODATION REQUIREMENTS 

EXPERIMENT TITLE: TDMX - DYNAMICS OF RETARGETING AND MAN- OF LARGE 
SPACE STRUCTURES 

PRINCIPAL INVSTICATOR(S): RAYMOND WOO/DR. NEVILLE M A R Z W ~ L  

ADDRESS: BUILDING 198 ROOM 326 

PROPOSED FLIGHT DATE 1993 YEAR(S1 

OPERATIONAL DAYS REQUIRED 60 (PER YEAR) 

Ius s 2200. KG 

VOLUME : 27.0 2 
STORED W 3. X L  3. x H  3. .I 2 7 . 0  Bl3 

DEPLOYED W 4.  X L  2 x H  4 .  I 32.0 n3 

INTERNALLY ATTACHED NO (YES/NO 1 
EXTERNALLY ATTACED N O  (YES/NO) 
FORMATION FLYING N O  (YES/NO 1 

ORIENTATION ( i n e r t i a l ,  solar, e a r t h ,  

EXTRA-VEHICULAR ACTIVITY REQUIRED:  

SET-UP : 8 Hrs/Day 

OPERATIONS : Br s /Day 

SERVICING: 4 -Wrs/Bay 
- 

INTRA-VEHICULAR A C T I V I T Y  REQUIRED: 

SET-UP : 2 HrsfDay 

OPERATIONS : 9 Hrs f Day 

SERVICING: Hrs/Day 

o t h e r )  

1 No. of d a y s .  

No. of d a y s .  I n t e r v a l  

2 No. of d a y s .  30 I n t e r v a l  

1 No. of d a y s .  

15 No. of d a y s .  30 I n t e r v a l  

No. of d a y s .  I n t e r v a l  

POWER REQUIRED: 

AC o DC ( c i r c l e  one) 0 1.0 KW 

9 Hrs/Day 60 N o .  of d a y s  

DATA BATE: - 0 9  Megab i t s / s econd  

DATA STORAGE: .650 G i g a b i t s  
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ACCOWODATXON REQUIREUENTS 

EXPERIMENT TITLE : 

PRINCIPAL INVESTIGATOR: - 
ADDRESS : 

PROPOSED FLIGHT DATE 

OPERATIONAL DAYS REQUIRED 12Q Ove veo 

Jet P r o D u l s i o n .  P W U  

- (W y e b  

t 

HASS U Q J G  

VOLUME : 

STORED W A X L  1 x H 2  =1 M3 

DEPLOYED W X L  2 x H 2  = 5  M3 

INTERNALLY ATTACHED NO (YES/NO) (Attach to Teleoperator Workstation) 
EXTERNALLY ATTACHED NO (YES /NO ) 
FOWTION FLYING NO (YES/NO) 

ORIENTATION (inertial, s o l a r ,  earth, other ) &y 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : "E Hrs/Day No. of days. 

0PERATIONS:"E Hrs/Day No. of days. Interval 

SERVICING : "E Hrs /Day No. of days. - Interval -- 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : Hrs/Day 12p No. of days. 

OPERPTIONS: 4 Hrs/Day 12fl No. of days. Interval 

SERVICING: 1 Hrs/Day 4 No. of days.  Q l U L k L k  Interval 

POWER REQUIRED : 

2 KW DC 

Hrs/Day No. of days. 

DATA RATE : UT Megabits/second 

DATA STORAGE: 2 Gigabits 
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EXPERIMENT TITLE: SPACE POWER SYSTEMS: A&R SPACE EXPERIMENTS 

PROPOSED FLIGHT DATE - Mid-Late 90's  YEAR 

OPERATIONAL DAYS REQUIRED - TBD 

M A S S  - 4 fin KG 

VOLUME: 

- 
~3 

hI3 

70  

60 

STORED: w 10M D X L  7 tl x H  P 

DEPLOYED: W 1211 DIAM x L - x H  5t1 = 

INTERKALLY ATTACHED rio (YES/NO) 
EXTERXALLY ATTACHED Yes (YES/NO) 
FORMATION FLYING No (YEWNO) 

ORIENTATION (inertial, solar, earth, other) Sol a r  

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP: 1 Hrs/Day 1 No. of days 

OPERATIONS: 1 Hrs/Day 3 No. of days 30 Interval 

SERVICING: 1 Hrs/Day 3 No. of days 30 Interval 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP. 8 HrsjDay 2 No. of days 

OPERATIONS: 11 Hrs/Day 3 No. of days 30 Xntervai 

SERVICING: 1 Hrs/Day 3 No. of days- 30 Interval 

cc -. 

PON*ER REQUIRED: 
TB D 

1 KU' A&WW (circle one) 

2 4  Hrs/Day T B D  No. of days 

DATA RATE: TBD Megabits/second 

QATA STORAGE: TBD Gigabits 
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ACCOMMODATION REQUI-NTS 

EXPERIMENT TITLE : TDMX - BERTHING AND DOCKING MECHANISMS AND CONTROU 

PRINCIPAL XNVSTIGATOR(S) : RAYMOND Wm/DR. NEVILLE MAWELL 

ADDRESS: BUILDING 198 ROOM 326 

PROPOSED FLIGHT DATE 1995 YEAR(S1 

OPERATIONAL DAYS REQUIRED 60 (PER YEAR) 

MASS 1500. KG 

VOLUME : 26.0 M’ 

STORED W 4.  x L 3 .  x H  2 .  = 24.0  M3 

DEPLOYED W 3. x L 2.5 x H  4.  .c 30.0 H3 

INTERNALLY ATTACHED NO ( Y F S / N O )  
EXTERNALLY ATTACHED NO (YES/NO) 
FORMATION FLYING Nn (YES/NO) 

ORIENTATION (inertial, solar, earth, other) 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 8 Hrs/Day 

0PE.UTIONS : Rrs/Day 

S E R V ~  ING : 4 - - HrsIDay 

INTRA-VEHICULAR ACTIVITY REQUIRED: 

SET-UP : 7 Hrs/Day 

OPERATIONS : 9 HrsIDay 

SERV I C ING : 5 Hr s /Day 

1 No. of days. 

No. of days. 

2 No. of days. 

1 No. of days. 

IC, No. of days. 

1 No. of days. 

POWER REQUIRED : 
AC 6 DC 

3.50 A C / l . k O  DC KW AG-X (circle one) 

9 Hrs/Day 60 No. of days 

DATA RATE: .01 Megabits/second 

DATA STORAGE: .650 Gigabits 
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SFNCE SPIDER CRANE 

Presentor: I a n  0. MacConochie 
Space Systems D i v i s i o n  

Lanqley Research Center 

For Presentation 

a t  

The In-Space Research, Technology 
and Engineering (RTCE) Workshop 

Nat iona l  Conference Center 
Williamsburq, V i r g i n i a  

Contr ibutors:  
Langley Research Center 

Jack E. Penninqton, FDCD 
Charles F. Bryan,. 3rL,  FD 
Andrew D. Carey, R I A D  - 

Bobby E. S i lver thorn ,  R I A D  

Rebecca L. -Kinkead 
Hew -E sco 
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Experiment Objective: 
( r o b o t i c )  crane i n  a zero g r a v i t y  environment walking on a sample space 
s t ruc tu re .  

To study the kinematics and dynamics o f  a quadruped 

Experiment Descr ipt ion:  
s t ruc tu re  which has been prev ious ly  deployed (but  s t i l l  attached t o )  the 
Shu t t l e  cargo bay. The t e s t  sequence is as follows: 

The Space Spider Crane would be deployed on a 

1) The Spider Crane would be unfolded Prom the s tored pos i t ion .  

2) Each j o i n t  and end e f fec to r  would be func t i ona l l y  tested for 
a b i l i t y  t o  move and each member tested fo r  a b i l i t y  t o  maneuver 
and grapple s t ructure.  
forces would be monitored. 

Pos i t ion ing  accuracy and grappl ing 

3 )  The crane would d isp lace i t s e l f  f rom the storage area i n  the 
cargo bay t o  the example space s t ructure.  This motion would 
be accomplished us ing only two legs of the crane; one l e g  t o  
grapple the f i x t u r e  i n  which it was stored. Movement of t h i s  
le9  rrould be used t o  p o s i t i o n  the body of the crane so tha t  a 
second l e g  could grapple the sample deployed s t ructure.  

4) Conduct a two legged walking tes t .  

5) Conduct a four legged walking tes t .  

6)  Perform a grappl ing t e s t  of  a sample payload us ing the two 
Spider Crane arms. 
be tested. 

The t u r r e t  d r ive  o f  the Spider Crane wuLd 

7)  Perform a walk along the sample s t ructure w i th  payload. 

8 )  Re-stow the Spider Crane, sample payload, and sample 
s t ruc tu re  for Shut t le  re turn.  
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EXPERIMENT TITLE: Space  S o i d c r  Cranc, 

POWER REQUIRED: t 

PROPOSED FLIGHT DATE - 3 0 1 0  YEAR 

OPERATIONAL DAYS REQUIRED - -4 

nAss - ! iil KG 

VOLUME: 

3 I 7- = .q pf3 STORED W ' * .?  X L  _ . -  X H  

DEPLOYED W -. I X L  2 . 1 1  X H  *.l t *,. - M 3  

INTERNALLY ATTACHED (YES/NO) 
EXTERNALLY ATTACHED s (YES/NO) 
FORMATION FLYING (YES/NO) 

ORIENTATION ( i n e r t i a l ,  so l a r ,  ear th ,  o t h e r )  Xiefrrenced t@ Strzctur? 

EXTRA-VEHICULAR ACTIVITY REQUIRED: 
f.3 w h i c h  a t t a c h e d .  

SET-UP : 0 H r s / D a y  0 N o .  of days 

OPERATIONS: 0 H r s / D a y  @ N o .  of days In te rva l  

SERVICING - 3 H r s / D a y  2 NO. of days i I n t e r v a l  

INTRA-VEHICULAR ACTIVITY REQUIRED: 

- SET-UP: -A H r s / D a y  2 N o .  of days 
r- - -_  

OPERATIONS: - H r s / D a y  2 N o .  of days I n t e r v a l  

SERVICING 0 H r s / D a y  No. 0-f days  ' I n t e r v a l  

@ *  Kw AC or  DC ( c i r c l e  o n e )  

H r s / D a y  - N o .  of days - 

DATA RATE: 6 Megabits/second 

DATA STORAGE: 3 G i g a b i t s  

* I n t e r n a l  pcwer 
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